fluctuating (helical) nematic domains near the phase transition. In the mid-1970s Meyer, et al demonstrated the existence of a spontaneous electric polarization in a chiral smectic-C* phase composed of chiral molecules [2] . With the advent Clark and Lagerwall's method of surfacestabilization to produce uniformly oriented cells [3] , these so-called "ferroelectric liquid crystals" have been used in fast switching optical displays and light valves [4] , and can be used as an alignment layer for electrically-controlled switching of the director orientation at a surface [5] .
More than a dozen years ago Link, et al, demonstrated the existence of chiral smectic domains formed from bent-shaped, inherently achiral molecules, which in turn can give rise to macroscopic electric polarizations All of these chiral properties are "bottom-up" in nature, originating at the molecular level and resulting in macroscopic effects. In this paper we describe a "top-down" phenomenon, in which we apply a torsional strain to a nematic LC and observe a mechanoelectrical effect that normally is associated with local -even molecular level -chirality.
It is well known that chiral LC molecules, or even achiral molecules doped with a chiral agent, result in a macroscopic helical twist of the director n with a characteristic inverse pitch 1 b p − in the bulk that is sensitive to the molecular structure [6, 7] . Such twisted, optically-birefringent helices can rotate the polarization of light and exhibit photonic band gaps. But a macroscopic twist structure also can be obtained from achiral molecules by control of the boundary conditions: The user-controlled "easy axes" for LC orientation at the two substrates of a cell need not be parallel or antiparallel, but can be set at some arbitrary angle θ 0 (Fig. 1) , thereby resulting in a twist of n from one substrate to the other [8] . This is the architecture used in a "twisted nematic" LC display, where 0 / 2 θ π ≈ . But such a twist creates local chiral symmetry, and in principle can induce a deracemization of chiral molecular conformations. In order to examine this deracemization we exploit the electroclinic effect (ECE), in which an applied electric field E induces a rotation of n from its equilibrium orientation by a small angle ϕ about the field axis when both chirality is present and the remaining symmetry is sufficiently reduced [9] . This effect was first observed in the smectic-A phase [9] , but since has been observed in a bulk nematic phase (due to smectic fluctuations) [10] and in the nematic [11] and smectic-A [12] phases at a translational symmetrybreaking interface. Our central result is that, when a macroscopic helical twist is imposed, the ECE occurs principally at the substrate interfaces; its magnitude e c ≡ dϕ/dE increases with decreasing pitch near the surface and is consistent with a simple model for conformational deracemization; and for opposite senses of twist, the phase of dϕ/dE with respect to the applied ac field differs by π.
Two wedged "twist cells" were prepared using indium-tin-oxide (ITO) coated glass substrates that were spin-coated with the planar-alignment agent RN-1175 polyamic acid (Nissan Chemical Industries). The coated substrates were baked for 60 min at 250 o C and rubbed unidirectionally using a cloth-covered rubbing wheel to establish easy axes for the director orientation. The two substrates were then placed together to form a wedge: They were separated by respectively. θ 0 would be zero if there were no imposed twist, and the optical arrangement would correspond to the classical electroclinic geometry [13] . For θ 0 ≠ 0 the optical polarization approximately follows the relatively weak director twist (the Mauguin limit [8] ) and the ordinary and extraordinary eigenmodes emerge from the cell rotated by ±θ 0 , with the sign depending on the sense of the twist. Hence, assuming n is parallel to the easy axes, the orientations of the analyzer nearly maintain the classical electroclinic geometry [13] . The output of the detector was fed into both a dc voltmeter and a lock-in amplifier that was referenced to the driving frequency ν of the ac electric field E applied across the LC (Fig. 1 ). The ac intensity I ac , its phase relative to E, and the dc intensity I dc were computer recorded as E rms was ramped upward with time over 500 s. Figure 2 shows ac dc / 4 I I -this corresponds to ϕ in the classical electroclinic geometry [13] -at ν = 1000
Hz at several thicknesses d, determined by interferometry, within the wedged cell.
To understand our results, we assume that the ECE is predominantly a surface effect for which the field induces a director rotation at the two surfaces that propagates elastically into the bulk; this surface hypothesis will be confirmed empirically. The two torque balance equations at the surfaces (of a right-handed twist cell) are
, where θ is the equilibrium twist-induced director deviation from the easy axes at the front of the cell when E = 0 (Fig. 1) with an error well under 1% unless γ is close to an integer multiple 2π; details will be given elsewhere. All values of ϕ reported herein have been corrected for these angle and retardation effects.
The bulk behavior is described by the diffusion equation
where η is the twist viscosity. Accounting for the torque balance equations at the two surfaces, on application of field E = E 0 e -iωt we obtain [14] ( ) ( )
where ω = 2πν and As the bulk nematic ECE [16] has much faster (submicrosecond) response times, the sharp fall-off of |e c (ω)| with ω clearly suggests a surface ECE that drags the bulk along elastically [11, 14] . Noting in Fig. 2 Let us now turn to our central result, the ECE as a function of the imposed helical twist. In obtaining |e c (ω)| vs. ω (Fig. 2 inset) we found that, despite its much larger magnitude at low frequencies, the signal-to-noise level at low frequencies resulted in much larger relative errors. In consequence we chose to perform the experiment at ν 0 = 1000 Hz, corresponding to ω 0 = 2π × 1000 s -1 . The effect of the higher frequency is to reduce the measured ECE by an approximately constant factor -note that the denominator in Eq. 1 is nearly independent of d for physically appropriate parameters -which allows us to compare the relative values of |e c (ω 0 )| for different helical pitches. to small errors in thickness measurements. Additionally, and importantly, the inset in Fig. 3 shows that I ac exhibits a relative phase difference of approximately π between the left-and right-handed cells, which is as expected from opposite handed helices. Taken as a whole, the data clearly show a mechanoelectrical effect, which is observed optically, due to a torsional strain on the LC. 
. Here β M is the helical twisting power of one of the enantiomers. For a typical chiral LC, β Μ ~ 50 μm -1 [18] . It is important to realize that, once we allow for deracemization, the ground state chiral wavevector q c = 2πβ M ε also must appear inside the brackets in the two torque balance equations. This has the effect of reducing |θ| as ε increases, although it will turn out that ε is sufficiently small that these corrections can be neglected. On minimizing F tot with respect to ε we find ( ) ( ) (Fig. 2) . Thus our results are consistent with, and strongly suggestive of, a deracemization mechanism at the surface. To be sure, a more fully developed model would include other effects at the surfaces, the multiplicity of conformational states, as well as the structural differences between our LC molecule and the surface alignment layer; effects linear in E that do not involve deracemization are difficult to adduce in this experimental geometry. All of these issues will be addressed elsewhere. Finally, we should be aware that direct comparisons of 0 c e between different LCs and different phases can be treacherous.
Nevertheless, the order of magnitude agreement suggests strongly that the spatially rapid equilibrium twist near the surface, which comes about as a consequence of the imposed macroscopic torsional strain and finite anchoring strength, results in a partial conformational deracemization of the LC. This is observed as a chirality-required surface electroclinic effect.
To summarize, we have demonstrated that an imposed helical twist in the nematic phase can result in a mechanoelectrical effect at a surface whose magnitude increases with decreasing helical pitch. We have presented a simple model that suggests the twist can induce a conformational enantiomeric excess, and argued that this deracemization can be much larger at the surfaces than in bulk. The resulting chirality near the surface is responsible for the observed effect. 
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